Case 2 A 28-year-old woman who died in 1964, fifteen days after the onset of illness (Table 3) . No necropsy was performed. Life was prolonged by tracheostomy and mechanical respiration after respiratory failure on the eleventh day. Herpes antibody was present, as in most adults, and showed essentially no change of titre up to the twelfth day. A sudden increase to high titre on the fourteenth day revealed the diagnosis, which would have been missed if the patient had not been kept alive so long. Areflexia; fits 512 1 5 Died Acute necrotizing encephalitis often affects the temporal lobes severely, commonly producing signs of a space-occupying lesion which justifies brain biopsy. Histological examination of biopsy tissue may provide a rapid diagnosis (Adams & Jennett 1967) , and virus may be isolated in tissue culture within a few days. Electron microscopy mayalso be helpful by demonstrating the morphologically characteristic herpesvirus particles. This method can be successfully applied to formalinfixed tissue, as illustrated by Fig 1, for which I am indebted to Dr J Hume Adams and Dr W A Harland. Another example of the value of electron-microscopic examination of fixed tissue is the demonstration of particles with the morphological characteristics of papovavirus virions in cases of progressive multifocal leukoencephalopathy . It would clearly be valuable to apply these electron-microscopic techniques retrospectively to various groups of cases suspected to be caused by viruses. The neuroglia are involved in many central nervous system disturbances ranging from malignant disease, scrapie, kuru, disseminated sclerosis (DS) and straightforward virus infections. Our knowledge about these diseases might be increased if better techniques could be developed for tissue-culturing CNS material. It is with this in mind that a hypothesis is put forward concerning scrapie, kuru and DS.
Hypothesis
(1) Scrapie, kuru and disseminated sclerosis are caused by a similar kind of agent.
(2) The agent has as one of its major properties the ability to transform cells and that the cells transformed are those of the neuroglia.
(3) The agent is more like those viruses which may cause tumours than those involved in the classical infectious virology.
(4) The changes the histologists see of neuronal degeneration and demyelination are secondary to the neuroglial abnormality.
Some properties of viruses: If we are going to postulate that some of these chronic illnesses have a viral etiology, then we must first consider some of the properties viruses are known to have when they infect cells:
(1) Infection with multiplication and causation of acute illnesses, development of antibodies, and subsequent protection against further infection.
(2) Production of new virus with cell destruction but without illness.
(3) Production of new virus without cell destruction or illness.
(4) Transformation of cells into rapidly multiplying cells, which may progress to be considered malignant. Both certain desoxyribonucleic acid (DNA) viruses and ribonucleic acid (RNA) viruses have this property.
(5) In the process of the cell transformation the viruses may lose their infectious potential, but probably retain in the cell some part of their original antigenic structure which is not infectious. They may also promote an auto&nmune response by changing the character of the cell. Some transformed cells have defied all attempts at detecting in them any evidence of the original virus or viral nucleic acid (Vogt & Dulbecco 1962) . A good example of viruses which can transform cells are those from the papova group, e.g. the polyoma virus when inoculated into fibroblasts (Vogt & Dulbecco 1960 , Sachs & Medina 1961 . The virus SV40 is also of this group and has similar properties (Koprowski et al. 1962 , Shein & Enders 1962 . These are DNA viruses. There are also RNA viruses, e.g. the Rous sarcoma virus which has similar properties (Manaker & Groupe 1956 , Temin & Rubin 1958 .
A leadfrom progressive multifocal leukoencephalopathy (PML): have shown by electron microscopy that a polyoma-like virus is present in PML. They suggest from histopathological studies with the light microscope that demyelination occurs as a result of damage or destruction of oligodendroglial cells. The electron-microscopic results in these cases suggest that the cytolysis of the cells is due to an extensive multiplication of virus within their nuclei. In some of their cases unusual proliferative activity of the astrocytes was also noticed. If their conclusions are correct then there exists a rare human demyelinating disease which results from an infection with a virus similar in structure to the polyoma, SV40, K virus subgroup of the papova viruses.
Scrapie, kuru and disseminated sclerosis: Scrapie, a central nervous system disease of sheep, has been transmitted to other sheep, mice, goats, hamsters and rats (Zlotnik 1965) . However, Hotchin (1966) has suggested that scrapie is similar to kuru and that the common agent may have been introduced into the Fore tribe by pigs suffering from scrapie. Kuru appears to have been transmitted to chimpanzees (Gajdusek et al. 1966) . Disseminated sclerosis has possibly been transmitted to sheep causing a scrapie-like illness (Palsson et al. 1965) .
The neuroglia in scrapie, kuru and disseminated sclerosis: The common histological factor is the general increase in activity of the neuroglial tissue. Muller (1904) suggested that the primary lesion in DS affected the astrocyte and many others have suggested this since. Neuroglial proliferation is always present. Pattison (1965) refers to it particularly in reference to scrapie and Beck & Daniel (1965) refer to it in both kuru and scrapie. The polyoma and SV40 viruses certainly have the capacity to produce overgrowth in fibroblasts. Recently SV40 has been shown to do the same to human astrocytes (Shein 1965) . Tissue culture findings from scrapie sheep and mouse brains: Monolayer cell cultures from the brains of sheep with scrapie have been grown for up to thirty months. In these cultures the astrocytes showed rapid and disordered growth as compared to controls. Monolayer cultures derived from brains of mice exposed to the Compton strain of scrapie differed from similar cultures of normal mouse brain in much the same fashion. It is of particular interest that throughout a period of at least thirty-eight days the fluid in which the cells were cultured, though frequently changed, produced scrapie when inoculated into further animals, thus showing that during this period the scrapie agent was being released from the cells. They also showed that cell cultures of astrocytes from the unaffected sheep brain, when exposed to fluids from cultures derived from the sheep affected with scrapie, developed characteristics reminiscent of the latter (Gustafson & Kanitz 1965) .
Tissue culture findings when SV40 is inoculated into astrocytes and polyoma virus and SV40 into fibroblasts: Shein (1965) has shown that by inoculating human foetal spongioblasts and astrocytes with SV40, the spongioblasts were destroyed after one or two weeks but the astrocytes showed evidence of transformation into rapidly growing cells after one or two months. Fibroblasts infected with polyoma virus may transfer into rapidly growing malignant type cells (Vogt & Dulbecco 1960 , Sachs & Medina 1961 . Similarly SV40 will transform cells causing tumours in hamsters and transformation of human cells (Koprowski et al. 1962 , Shein & Enders 1962 . These transformed cells may continuously release virus but sometimes the virus disappears though the cells remain transformed (Stoker 1963) . Sometimes, even then, the virus can be regained, e.g. by growing the new cells over a monolayer of sensitive monkey kidney cells or by reinoculation into certain animals (Rowe 1965) . Sometimes virus is never recovered. In some virus-free transformed cells resulting from polyoma virus infection, all attempts have failed on occasions to detect viral particles or viral nucleic acid. In fact the cells can be reinfected with the original agent (Vogt & Dulbecco 1962) . This suggests that some part of that original virus is now not a whole nucleic acid. It has presumably become a very small and as yet unidentifiable part of the cell it transformed, which itself continues to multiply at an abnormal rate. If the scrapie agent behaves in this way then the facts might be reconcilable with the recent work of Alper et al. (1965) which suggests that the scrapie agent has no nucleic acid. It might also be the reason why the agent is such a poor antibody producer but because of its cell transformation properties it could explain the antibodies found in the cerebrospinal fluid suggestive of an autoimmune disturbance. It would also fit in with the work of Pattison & Jones (1967) which indicates that the agent of scrapie may only be less than 2-4 mj in size. Therefore, if the neurogliosis seen in scrapie, kuru and DS does represent excess activity of cells transformed by viral action it may also mean that these cells no longer have detectable infective virus. Tumour virology in relation to the present problem: In tumour virology it is possible to get chronic or persistent viral activity without producing infectious virus. In some situations the whole viral genome is present, while in others it seems that only certain portions of the genome are present. The difficulty at the moment is the recognition of these portions. However, a recently recognized group of antigens known as the T antigens or Neo antigens may be relevant. These antigens have so far only been described for some DNA viruses. They are proteins formed early in the latent period of infection and probably not incorporated in the virus particle. They are found in abundance in tumour cells even though structural antigens and infectious virus are not present (Habel and Axelrod 1965) . They can be detected by various in vitro serological procedures, namely complement fixation and immunofluorescence (Pope & Rowe 1964 , Rapp et al. 1964 . Tumour cells continue to produce these antigens indefinitely throughout long series of passages in animals or tissue cultures. The importance of these findings, for latent and slow virus disease studies, is the possibility that though virus may not be able to be isolated, a retrospective diagnosis can be made. It is probable that some cells infected long ago with a DNA virus may harbour a portion of the viral nucleic acid and chronically produce the T antigen of that virus. This T antigen could itself play a role in chronic illness by producing a disturbance of cellular function or initiation of autoimmune disease (Rowe 1965) .
The sensitivity of the scrapie agent to heat, ether and formalin: So that future experiments can be planned it is important to consider whether the scrapie agent's sensitivity to heat, ether and formalin is completely incompatible with it having originated from a virus which had the property to transform cells, e.g. one of the DNA viruses of the papova group or an RNA virus such as Rous sarcoma. Gibbs et al. (1965) showed how stable the scrapie agent is to heat and ether inactivation and Pattison (1965) showed its remarkable resistance to 20% formalin. Hunter (1965) suggested that the bulk of the scrapie agent exists in a simple heat-stable form and that a double-stranded nucleic acid, probably DNA, is a component of the agent. He also states that DNA's heat denaturation curve resembles the heat stability of the scrapie agent and that it also reacts very little with formaldehyde. RNA is denatured more quickly by heat and formaldehyde. The ether-resistant qualities of a virus depend to a large extent on the contents of its coat, those containing much lipid tending to be more ether sensitive. The papova group of viruses show greater resistance than most to heat, formalin and ether inactivation. Rous sarcoma virus on the other hand is more easily destroyed by these substances. Hunter (1965) also states that the DNA synthesis is increased in the brains of infected scrapie mice.
The hypothesis put forward has tended to favour a DNA virus as a possible original vtiological agent for these diseases. This is be-cause the properties of DNA seem to fit better the facts which are available so far. Recently, however, intranuclear and intracytoplasmic inclusions have been described in subacute sclerosing leukoencephalitis. The ultra structures of these inclusions were stated to have some resemblance to those of the measles virus (Tellez-Nagel & Harter 1966) . Measles virus is an RNA virus. It has already been stated that there are RNA viruses, Rous sarcoma virus is one, which have the property to transform cells. In this condition there is hypertrophy of the astrocytes and microglial proliferation. So it is clear that one must postulate that if neuroglial cells, either astrocyte or oligodendrocyte or both, can be transformed by viruses it may be by either DNA or RNA virus infections or by a part of both of them, which, to present normal microbiological techniques, is undetectable. The neuroglia may be involved in frank tumour formation and the work of Raimondi et al. (1962) may have particular reference to what has been said. They describe crystalline bodies having the morphology of a virus in the juxtanuclear position in cells of an oligodendroglioma. The possibilities are enormous and the experiments required to be done are without number.
Experiments to be done on fresh CNS material:
Fresh human brain material for tissue culture studies from both normal and diseased persons is the sine qua non of future advancement. This means post-mortems within an hour or two of death, a lower threshold for brain biopsies, and the sympathy of surgeons to let the microbiologists have fresh tumour biopsy material. Tissue culture of CNS material:
(1) To study the neuroglial growth microscopically and electron-microscopically.
(2) To grow diseased neuroglia over other susceptible cells for virus isolation. By tissue-culturing an organ there is dilution of any original extracellular antibody which in the original specimen could prevent viral isolation.
(3) If neuroglial growth is obtained from the culture of DS brains, is it inhibited by serum or CSF from different phases of the disease in other patients or by the serum and CSF from cases of kuru and scrapie ? (4) Similarly, does the immune serum from the papova group or Rous sarcoma virus infections have an adverse effect on proliferation of neuroglial tissue cultured from DS, kuru or scrapie cases or indeed glial tumours? (5) Will the culture fluid from successfully grown DS astrocytes produce changes in astrocytes cultured from normal brains as the scrapie brain culture fluid does? (6) Can any of the DNA or RNA viruses which have the power to transform cells do this to normal adult CNS neuroglia and to the neuroglia of CNS material in which it has been abnormal during life? Direct viral isolation attempts: More material from DS cases needs to be inoculated into animals. Possibly the animals themselves could be made more susceptible to infecting viral agents by giving whole body X-irradiation first, in sublethal doses, to suppress antibody formation. Xirradiation makes cells more susceptible to polyoma virus (Stoker 1963) . Even if scrapiesusceptible animals do not develop scrapie after inoculation with DS brains it would be interesting to see if they then resisted challenge with the scrapie agent.
Fluorescent antibody studies should be done on frozen sections using any new techniques which may be available from the tumour virologists for detection of these neoantigens.
Direct electron microscopy studies should be done on suitably fixed fresh material for viral protein structures.
Biochemical stitdies: More measurements need to be done on the lysosomal, DNA and RNA activity in human brain.
In this paper it has been suggested that the neuroglial proliferation as seen in scrapie, kuru and disseminated sclerosis may be caused by a virus or part of a virus that has the property to transform cells. If these sort of viruses are present in CNS tissue they will be more easily detectable if really fresh material is more readily available and if it is successfully tissue-cultured. This technique would also help to isolate other latent viruses as they too will be released into a medium which will have no antibody to neutralize them.
